HOKKAIDO UNIVERSITY

Title 20MEE hAR 73599 R/ — K

Author (s) HE, #i—

http://chaosweb. comp lex. eng. hokudai.ac. jp/™j inoue/index. html

Description http://chaosweb. comp lex. eng. hokudai.ac. jp/~j_inoue/ChaosFractal2011/ChaosFractal2011. html

Issue Date 201
Doc URL https://hdl. handle.net/2115/46977
Rights(URL) https://creativecommons. org/licenses/by-nc-sa/2.1/jp/
Type learning object
File Information CF2011 12, pdf, ZHE12EEZH/ — b

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




NAR < T7Z97I BE/—b #12

Y IR R M (EREDTIORR 8-13)

URL : http://chaosweb.complex.eng.hokudai.ac.jp/”j _inoue/index.html

ER 23 TH 19 H

B X
17 RIVF73997) 109
17.1 —BALRIGOEE . . . 109
172 NI A =% ¢ THHO oS T740%, ZALTBEZRS ... ... .. .. 110
17.3 ZHAOWGRIRE Z DIV TF 7 77 FIVRIG . . . oo 111
1731 EE7VTY XL 00 111
1732 =IVF 7 77 FNVRICOEIE .. . 113
174 =NF 777 FNVRIGO—MBER . . . . .. 114
1741 FRBRMEOBRI ERIRARZ bV o 114
17.4.2 ZIESEGEREE . .. . 117

17 NRIWFI7395)1

SROHEERETIR 7 77 INVEEZH 28D T74 07 Z2HLTCRZBLEGAEONS T
NFT7 778N EOIHERIZOBTHEATHL.

17.1 —RRIERTDES

959 MR, — P CRMBEXICZ T XA =% ¢ ZHCT—RILL 2. 2RI E§, 2zl vil
LTH LI . B e DRNICRERIN O HOSHE T 2R % p; & T0UR, ZD—BAL S 7 HBIRIT
D, %

q

Lo log 3219 p¢

q—1e-0 loge (237)

TEFI NI,

CDO—BALI NMHBIRTTIE 7 7 7 I VKB Z RO T 2O WA 2 3 TE 5. B,
WNRELDZ 77 7INVKEE Ay L 2l Fe V2RI e DI AR TEETS. ZDOLE, Kb

109



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

Vi BTG RS B SOET BHERE pi(e) LEDD. ZOEF, FROMBRIEE ¢ = 0 08
SRR 5

n(e)
D, -0 = - lim % — li IOgn(e)

— 238
1 —0 log(e) i log(e) (28)

LD, HU e DT RIIE R B o 5 (069 2H), A O—UOES ¢ b, ZORE
BT BIEOR B G £ HORK n(c) ORIOBIKS

n(e) =~ ¢ Pa=o (239)

THDLIERERT DT, 2D Dy ERNRKED 7 7 7 5 VKIG (BRXIG, Ry 7 AHT v b
RIG) TH 5. £z, q=1D& I TERKILY , ¢ =2 DEAICIE THEIXRL, Lo

X 69: 757 ¥ VAR YA R e DXLTHED

ZEVWHZ .

17.2 INGA—=H ¢ TEHEDOITSNS 7071 ZNUVLTHREZRS

2T BERICDERER (237) 25, ¢ > 1 % S IFHDFEET 2R HIRW K E 2t i 13
E, ZoffERi% (237) XOMDOPTHNINCKRELSFLEGT LI LIRS, E>T, 2DkHIK757
INRIGENT A=Y q /L THLT 5 2 LT, WRETBXEDOHDOEAEMERPRKEFVE Z
AENZVEIAZZNFIRHAL T 7 77 NVRIGZMN) BTN TEBL I LIRS, OF
D,q%RELTBIET, HOFHMERPRKEVEZAZ\BPFL, W ¢ Z2/NSLTHIETHD
FEMERDNZI W E ZAZBHLT7 7 79I NEDEEBHING 2 EIZkh b, 777 7 VKEDS
BHEICHNE R 213E g=0 TERINLZRILTIERL, XDIAEV¢DMETHZHED T7 414
DT THIBERZ, ZDRILEH Z 7 STEY)RGED %\ (B—0D ¢ TRIEZ SN B WVIZEH
ML) L CokIIenRIA=F geHluT—bIni7 775 VRot (237) XIWFTZ9
FILVRFTETFR, 20 &k 5 RETH N7 773 VERIVFTZIFILEWNS. —J, 2T

U S BB S HECE TR AL Db Lk oas, I FIR L Tl S 2 000 1y EMIEa7 « vy, TEH
WOEBT 4 L8 7 ERBOHT (L TH2) &R

ZZik110R—=vH



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

ERINTNVF 777 INVNRIGBH T 7 4 LZIEKS I, DF D) 8T A —F g DIEHICEKE
LAEVKIELH), ZNEBUCTF 790V, HB0IE TR 77751V EMRGAENH L. 22T
FERIVTF T 77 ZVIGTARBERDO A% 6T, LR ORRIN G ED T =8 fEhricb Hw s
HERM&R Lo TE T 52,

17.3 ZIHABBEEZDVILFIZI7TILRT

TNV F 7709 NDEEESIVTF 777 ZNVRITOFEGFEICENS oI, ZIESIK
BIR LN 2 Hfl R 7 2 e TN s HOHBIREZ B A X ).

17.3.1 #HEEZILIV XA

D7 LA 70 DX I IS RICOBIER L [0,1] ICHEEZE D T2, ZOHE DB THIE,
T, o8 E 27FL, 2 DM p, HENC 1 —p Z2FID Y TS, KT, 2OLEMD [0,0.5] %

p pl=p)  (=-pp (=p)

0 0.25 0.5 0.75 1

70: “IEAMESER. n =2 oA,

S5 23U, k0, NS p, HENC 1 —p Z2F D 4T, 1 RIHOSEICTE X [0,5,1] DX[HE
DWW THEBRICHINC p 2, NS 1 —p 2D U TS, 2O LI AREIDIRD TTES 129K,
DAL ZNZ DR ( Ty ) IKHIDIRS N MEROBEBEZ 615, >, 2 [MHD 3
T X [0,0.25],[0.25,0.5], [0.5,0.75], [0.75,1] @ 4 X Z 124 p?, p(1 — p), (1 — p)p, (1 — p)?
DEDIRE NS Z Eick D (K70 2H).

ZO7at A% nBEEDET LRI [0,1] 1 2" I, Z OHTHER pF(1 — p)nF 23D IR
STV A/AXIIE Ol %2, 2D XHIC L TTE LXK % R, £/hXEIcE S TosNn
T MERZHC 7oy PR EMTI DL I 1% 5. T ORPOMABAARICIZX [0,0.1] ZHEK
Lo Ths. ZoOR»PSOLRPS XH I, TOXBIE THOHME, 28>,

fit>C, RAEIMICEIRIECIITT 2700 a—7 4 Y 7 ORgICIE Toy T2ookMl%z T, <
FlZRTLICHRTZE, n ATy 7HD 2 3 AKDOK (bws TH ) 1% (000---000),,
(000---001)g, «+-, (111---111)p & 2iEHTa—FINE. L>oT, nflD 0,1 DWTDH L k
D1 2 GLIEIMHER pF (1 —p)n F 2FHOYUTHI LI, ZOEDNET 2 [0,1] KEDOMHEIX

220k BTNTFTIIINTE FOEREREIHIL, 2 0REE TR AT TEETY) LI nBbH 3.

ZZik 111 =Y H



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

0.008 ‘
0.008
0.007 { 0.007 1
0.006 |- E
0.006 0.005 |- 4
0.004 | E
0.005 0.003 |- 4
0.002 g
0.004 0.001 4
0
0 002 004 006 008 0.1
0.003 { E
0.002 " g
0.001 W E
0
0 0.2 04 06 08 1
0.18 T T 0.00018 T T T T T T T T T
p=01— p=04"——
0.16 B 0.00016
0.14 b 0.00014
0.12 B 0.00012
0.1 B 0.0001
0.08 B 8e-005
0.06 B 6e-005
0.04 1 4e-005
0.02 B 2e-005
[ P 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

X 71: “ESBEROBES. ERTIE p=025 LEATHS. LROMAABAALEARORAr — L& EZTTay
FLZEDD. FRIZZNZN p=0.1,0.4 DEHEDO _THFBBFOEE M. n =18 LiEATVS.

ZDHED 2MER (v 12p—2 - T0)2, (v, = 1 DB k) % 10 EBEER L b D%E 2" TR —
LMLABRIZE L. $hbb, ZOHED [0,1] KEHNOME X 1%

n—1 i

g2t
X = Lzonz (240)

ThZzoNhs. FLHBHE
1 n—1 )
(Tp_1@n_o---x)2 =  (0110---01), - X=g Zw 2 (241)
EMHO T, n— ko 0, =0

— Y=pF1—-pn* (242)

L5520 (X,Y) 278y FLAELORIN T TH B3,

SHIEMEICIERL Y 2R X 3 ,C, D2 2 L IR, 72, n OBOHICEFEEBLETH 5. HLED Y o
VTl n =18 REFTORIETE 2 SV ORHEINETH D, £/, TNEBZ 2 EHR EVZMBEORRED KE L
75,

223112 R—=YH



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

17.3.2 YILFIT SV FIRTOHE
CDEIICLTTELRIBORNLF 7 77 8 VRu%skamd % 72D, D, D3R D5 EEE:

n(e)

Zy(e) = Y lpi(e)? (243)

i=1
Z T
1 log Z,(€)

? qg—1 By log e (244)

DEHICHEHLZZ LICERLTEIIHY 22T, LlosilBsu: 70 & B (b L <k
Oy ADTNEY)ZHOTRD LI ICHEHZ 52 LI TES.

n(e)

n(e)
> dpile) - => 8(pile (245)

p =1 p i=1

ZDLEE, YN 6(pile) —p) X, n(e) DEALD I B p DIEREFS b OOMKEE®KT 50T, T
N% p(p) LETIE, LEOSHIEE (245) XS SICRO LI ICHEHET I ENTES

> po)p? (246)

DFD, TTTERLL p(p) 3MER p O THHRE, 2R, OB E5E 2 T 5 ZIHTI
WEIS LCEMET 2 L, p— pP(1 —p)" %, p(p) — nCr 72 2 WIBEARD D 2 Z L ITHERL T

Zo = DGR

k=0
— Z Ckqu q(n k)
= chk(l’q)k —p)" =+ (1 -p)" (247)

5. Lo TEHDEA, —DODELTA RFe=2""ThHs05, HyBBEOLFT7 57
U2 NS

_ 1 loglp?+ (1 —p)" 1 log[p?+(1—p)?
Dy = q—1 log2—" Cqg—-1 log(1/2) (248)
THAZONS. W OPDpIlH LT D, DIRLZFENZ TRy b F2LERT2DL) kD, 20D
K»6bod LIz, g D% 2075>6 +20 BEDOL VP TIRS &, vV F 7 77 FNVRIT Dy D
fllx Tiidi, TENEND 2 —EMEISE D THTE, HA), [Dg=rt oo, Dgm—oo] DHREI I E 5
Ebrs. ZOARMEIZ (248) A SXRD X ) ITFHET 2 & TES. £ 3, p<1/2%51F

q — +oo DEY, (248) R D 2D H B (1 — p) BXEITZH 5D T

q log(l—p) _log(1—p)
qg—1 log(1/2) log(1/2)

Dyioe (249)

4 Z2TEY OB EEHE I LN SRR THOCONBHETH D, NI A=Y ¢ RIET oW 3 =T"1,
WV KL DHET BHERE LV i DOOTINF —% B L LTpy =e Pi LT 5L, Z5 =3 [pi]P =) e PEi
WZOFEEETHY, 2 THEMT BT 777 7 NVo—EmIIHE 2 & o EM SR Z .

22l 113 R—=YH



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

35

p= d,l e
p=025
p=04 -

T2: ZIEBGRTRICE T 22V F 7 T 7 ¥ VRIL Dy. p Offild p=0.1,0.25,0.4 ITEATWS. £KIE p=0.25 D
BEIZOWTD Dy D g — oo TORMED. ZHZFH, Efl: Dmax = logp/10g(1/2), Dmin = log(1 — p)/log(1/2)
WZHBE LTl

THY, W g — —oco D, (248) AN ED 2THD 9 b p? BB 5 DT

1 1
Dy =~ 2 _losp _ logp (250)

q—1log(1/2)  log(1/2)
Thb. ZHUIK T2(4) THIEMIC B IERTE 5.

Z OISR TN D 7 5 7 ZVRITIE ¢ = —co TINI RMERTHN S HAERHEHL TX
TR B 2 ETRELSRD, WM, g = +oo TRELRMERTHNZ M2 BFAL TRuzllz L, 77
I NRIGIGNS K %5, TNERELRHERTH SN2 2filid 2 &, KB THR &
Bl Ty OADBRH I NERE 722 DT, ZDRIGIF 0-1 B KRG, RRICRS Z &
DORGICTHRTELEETHS.

17.4 RIVFT7 597 ILRTD—I%H

Hiffi R 72 DR 5B o5 7 7 7 ZVKBICKT 3 LF 7 7 7 Z VENIZ, X0
R TR T B2 ETES. o, BCHETERZ X H IS8T X =% ¢ &2 Tk
LR LA, 22 ToMEmE TR WSS R ML 2 E0EE A R T »
25, ZZTIEZENICOLTHBICATEZ ).

17.4.1 FEMDES EXIBAXRI NIV
¥9, B e Z2Fo N i OHIZ7 7 7 9NV ZREKL T 2 MOV E £ N AERIT e DBIEE LT
pi(e) o €Y (251)

DEITENVT A ZDWA: € — 0 LB LT IR PHING. 22T, 20 T
DYORE | ZRT o BNV TEICERL LD, HEBEEZR>ToMT 52 Lk %. BN
[, @ + da] DX o DIFLET BHEFR DY

pla) e M@ da (252)

5771, ZOWMB/BTRIIIE BIY, 20 OBIRICEI L Tidfiliiizs.

ZZik 114 =Y H



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

TEALNZHDETS. DF D, R YA RIKEL 8=+ % pla), L HA RICKET 5
Wor e 7@ LBLZEICTE. 22T, 2DRT A= o 2HBEEDES, B f(o) ZKIBRX
RINIVEER. COLEa>0ICHEET S E, ZOFRDOEEIEIZ

oo (o)
Z, = / pla) e f(@ [eo‘]qda:/ pla) e~ fl@traagy (253)
0 0

THZ6N5. 2T, 20 (253) AR DES (243) ICHI> T 20 %2R T 2 720 1C1

pla) e F(@ Z da— o) (254)

Z ERICRATIE L v, T2 L TSRO EICHERL TEB I
00 N(€)

/ Zéa—a qada—zqo"—Z[p (255)

RSN D, JiUdTA OB DES (243) TH 5.

T, 2IWMORNF 7777 NRIGERD B0, BARNIZ Z, I&EN2 a DREDZ2HE
fTLRTIUT R 52008, VDY A Xhde — 0 & 72 ZHBRR T i%ﬁ‘i?“%ﬁﬂ*ﬁl@ B D e fl@)ta g
DOR/METHETOMEI LI NS Z EICHERTIUEI OO ERBEL(FITT2IENTED (#
ROERL). ColMEE 523 a % a(q) £ B L, MESAMEX D

)
3 {~f() +qa) =0 (256)
a=a(q)
bt
B
g = gf) (257)
a=a(q)
DI LD, > T, TOHRMED T T —f(a) + ga 13
82
—f) tao = —f(@) taale) + 5 A (aa@)?  (@58)
a=a(q)

LIRS N2 DT (222, M HRMEICT 570 0% f(0) /002 |qea(q) <0 TH 2 T LITHER),
Z TR SR

X4 02f(a) 2
Zy = plalg)e @@ [ AT o ey (259)
0
DEIHI EHTZENTES., 221U
o0 200 o0 2
/ 6%08’;(2>\0:W(q>(a*a(q»2da / exp floge af(g) (o —a(q))?| da
0 0 “ lazat
(260)
2 loge aaz \a alq)

22115 =Y H



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

THBHIEIEETB LS, wLF 777 9 VRIED, &

log Z
- 1)D, = a
(9= 1)Dq Py log e
- logplale) Vo E
= e = f(alg)) + galq) + lim Tog ¢
= —f(alg) +qa(q) (261)

L%, 22 Tlimeo(loge)~t =0, lim_o(loge) ™32 =0 VA Z LIcEEI N L.
22T, D70

() = (¢-1)D, (262)
LEET DL
m(q) = —f(a(g)) +qalq) (263)
oD, fEoT
flalg)) = qalq) —7(q) (264)
TH2H005
w6
_ a+{qg£}g‘:a (265)

BEoNs. o, UEkziewst

flalq)) = qalq) —7(q) (266)
dr
@ = (267)

BESNNBT. 22T, 92f(0) /00 amaty) < 0 THo 725, B f(a) 13 LICMOBIKTH 3.
7, a>0 & (267) R o B T 1% g DIIMBI%TH 2 DT (266) X6
fla(a)) = qalg) —7(q) £0-a(0) = 7(0) = —7(0) = Dy=o = f(0) (268)

DRFOND. o T B f I3 qg=0D L ZITRAM Dymo 2 £ 5.
¥ 72, BB f(o) i LISMDBE R DT, (257) A6 ¢ — +o0o D EZF o= amin, ¢ — —00 D &
Fa=qamx CTH5B. ST, (267) &0, 7(q) ~aq & L THIZERIT 5 &

7(q — +00) =~  unin - (400) (269)
T(q - 700) =~  Omax ° (*OO) (270)

(
[
A

o 2 o —ba? e 2 1 s
et go = elos € da = efb(log €)a da = =
o o o 2\/ bloge

PRHGEZ EITER.
TOSHABETHEE L LB D, TOBIR (266)(267) b5 T TEISK f B r OV v v RLVEBITH B, L),
7, df /da=y EBL &
d
P =ay-f=att—f=aq—f=r
THEHS, "B BB f OLY vy A, THH 3.

2l 116 x—vH



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

WHEET 58, D, =7(q)/(q—1) TH D15 Dy — oo = {max X (—0) }/(—00—1) = tmax, Dg—rtoo =
[Omin % (450)}/ (460 — 1) = Quntn T, o, Qe DIBETKIEA AT F 1 f Dl

flamin) = flalg = +00)) = (+00) - a(q — +00) — 7(q — +00)

= (400) - Omin — Amin + (+00) =0 (271)
flomax) = flalg = —o0)) = (—00) - a(g = —00) — 7(¢ = —0)

= (—00) - Omax — Omax - (—00) = (272)

LB LD D.
I 512, (257)(266) b 5

fla(a)) = qalq) —7(q)

0
- ( o) ) () ~ 7(a) (273)
a=a(q)
0, HEzED, HE:
q= (af () ) =1 (274)
Oa
a=a(q)
DER: f=a & (266) RDKLKRD o EZKRDZ L, (1—q)a=—-7(9) =(1—¢)Dy &b
o = Dq:1 (275)
THY, COLED fId
fla(l)) = a=Dy= (276)

TH5.

17.4.2 ZIHESNIKBERE

TR & e — MG 4R, R OBRTH B IEHSSBOEFICR LT Y TIEE B, AR A
r—ABEZHIETHMOEE DT, 22 TIR—iH%E 2o IEHSEEFRISE L TAR X S .
F9NE(248) & D, 2 LF 7 T 7 ZIRILH
L p?+(1-p)

Dy = 3 log(1/2) (277)

THEAGNEZ ERBOUIHT L, 7(g) &

- _ i+ (1-p)y
Th2. fE>T, (267) ik
_odr 1 p?logp + (1 —p)?log(1l — p)
S PR S YE) P (- 279)

&5,

ZZik 11T =Y H



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

IO D

_ !
§ = T (280)
LB L
_ (1-p)
TR T sy
Ll EIRDITIE (279) i
1
= iiii?éj(flogp‘¥(1‘*5)10g(1‘*p)) (282)
LESETC LATE, [T, (266) 05 KA b VIR
_ q 1
o= m(ﬁloglﬂ' (1—=¢&)log(1—-p)) — mlog(lﬂ + (1 —=p)9)
1
= 16§Zi7§5(§10g€'+'(1 — &) log(1 —p)) (283)

ELTRODBIENTES. Dzt ltdsr e, “HNBBRORREEOMI o & KIHART

2

1
p=025 —
f=a
08 D, -
15| Dy
06 f
f T
04
05
02
0 0 I I I
. 1 1. 2
0 0 0.5 o 5
1 35 T
p=01 —
09| p=025
3b p=04 |
0.8
0.7 25
06
f 2
05 o
1.5
L e [ N
03 WL
02F S A e
05
0.1

X 73: “HESUSHIC BT 2 f O o il p Offild p = 0.1,0.25,0.4 ISBA TV S (KK). £RIE p=0.25 IcBIL
f & Dg=o, Dg=1 DEOBREZ 70y FLTH . TBIX f D ¢ K (1), BXY, a D ¢ EH ().

IS
1
a = m@k’gp + (1 -8 log(1—p)) (284)
1
f= gy €loss + (L - log1 —¢)) (285)

22118 R—=vH



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

TH?2. T2, 0<E<TITHERELT, WS OhDMER p ITN L TAIARZ P vE2 7y T2
YT3(EL) DX ISk D,

£ZAT, Dy—g,Dyy Of, BLD, ZD L EOREMEDIRE o 1ZRD K I ICL THITKRD %
LSTE L. PR (280)(281) R4 E 2 &

£ p \*

e - (%) =

DIRONDG. o T, q=0DEEICIE, E=1/2THY, fEt>T, TOLED f DI (285) XH 5
[=Dg—o=1THYH, T2 52% o DEIF (284) A5

_ logp(1 —p) (287)

2log(1/2)
ThHZoN%.
—J7, q=1DHEEITIE, (286) X6 E=pTHD, TOLEDRKARY PV, X, Fi
PR X 1% (285)(284) X 6
_ plogp+ (1 —p)log(l —p)
log(1/2)
Thzons. ZOBRE p=0.25 1K LT 734 L) IcHie k.

f = «

= Dy_y (288)

DLED2VF 7577 7N EZDRILOFFEGETH S, WD H 5512 2 DEZETIEXK L 72\ <
OPDT T INBICH L, v VF 777 I NRICE g DBIEE L TEMEHEL TARA S ERWT
H»9.

ZZik119—=vH



AA A 77750 2011 #12 Y KRBl Avrse st H b ffi—

ABBECTHEHE LA ARART 77 VBRI L 5 REBISHIUL Z DI & & b2, A4
FIMREORORREE CHHE k. b, RIS 0 ERIBAICZ0ME2ECTH RV, &, F
WE%EH T2 LD, PROHEFIBEH L TOBEBEOHIREIIR V., It B&R/—b #11
I EE F Lo TRET 3.

ETOLVR—rOXY): FK 23 E£8 A 12 B (£) F#& 5 I (BF), 23 EWMBIAVFERHEH
813 DEAFET.

EE:
AT H 2 XG0 7/26 IFAHBRICBHET 2 177750 TR — 79— ICB#$ 2 #1243
5 DWIE 7 N — 7 (BB 127V —7):

http://chaosweb.complex.eng.hokudai.ac.jp/~j_inoue/major.html#group

DIFEMN 2T E T

a "

L1 1] '# t

N g
Ll L

T o TR
T el et 1 T T o L
i AT e L LTI

1I_ " !‘ | WL Ley
b SRR EIE R B PRI
N, P

i,

e

TA: L. VIR 23 4 6 H (R LR,

22k 120R—=H



AA A 77750 2011 #12 Y. KRB mel A st b L fdi—

Bl g 2 2EBHZMEPETTEEEY. Tl A PR TAFRELRD DT, LA THI
bOHIUL, BOHARBRE L S IEEELTE£T.

LB
[1] ThAAAM : BSMNT E BOH RELE, FEEERAL 25 R (1092).

[2] Fractals for the classroom, by H. Peiger, H. Jurgen and D. Saupe, part I,II, Springer-Varlag
(1993).

[3] Modeling reality: How computer mirror life, by Iwo Bialynicki-Birula and Iwona Bialynicka-
Birula (2004).

[4] IS FE A A A Beftid - Bl D 72 & DB #19Fik ) J.M.T. Thompson, H.B. Stewart
#, REMDE, B IHEAGR 4 — 25k (1988).

5] [ ARSRIRNTOIERE &I ) I, LR, AN T 6, A, PR
(2000).

6] T7727%N, @EHEHFE  PIEEM (1986).
(71 "7 775 VFE) WL fRE HEEE (1987).
8] "7 7 NVHERS) ¥~A 71 F v 7 ZF EEEN R HEZNE (1990).
9] '777%N, KEp ZF $1EH)E (2002).
[10] "7 228N EHOME, PYUE T b HCE (1991).
(11] T8—aL—ya vl AHEZE #F EHEE (1993).

[12] Introduction to percolation theory : revised 2nd edition, by D. Stauffer and A. Aharonoy,
(Tayler & Francis, 1994).

[13] T8—avL—vav: biotEboiERmAM, MO #F BEE (1996).
[14] THERE TV > THZE 2 S ) SERHE % 54 Y€ Ptk (1995).

[15] THIHER 2 M C HERE 7OV, FHCER 3 SR 7L — Ny 7 2 (1997).

(16] TRRF - MERT O REH#HE 2 A (1987).

7] "TAFRET7 5750, MO F, b /A3 (1986).

22121 =Y H



	17 マルチフラクタル
	17.1 一般化次元の復習
	17.2 パラメータqで特徴つけられる「フィルタ」を介して図形を見る
	17.3 二項分岐過程とそのマルチフラクタル次元
	17.3.1 描画アルゴリズム
	17.3.2 マルチフラクタル次元の計算

	17.4 マルチフラクタル次元の一般論
	17.4.1 特異性の強さと大域スペクトル
	17.4.2 二項分岐過程再考



